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Speaker 2: Qiyong Gong, China
Title: High-field magnetic resonance imaging studies of major depressive disorder: a circuit-based analysis Abstract Major depressive disorder (MDD) is characterized by persistent, pervasive feelings of sadness, guilt, and worthlessness and often results in an increased risk of suicide. Imaging evidences suggest that MDD is a kind of disconnection syndrome, however, the related brain circuitry and networks remain poorly understood.
Magnetic resonance (MR) imaging allows noninvasive investigation of the circuits and brain networks in vivo. MR diffusion tensor tractography, for example, can track the fiber bundles and permits the assessment of the structural connectivity of the brain. In addition, the fast development of functional MR imaging (fMRI) opens a new window to explore how different parts of the brain functionally connect, interact and coordinate with each other. In particular, the functional connectivity MR imaging (fcMRI) enables the functional connectivity between the brain regions to be effectively investigated.
Using high-field MR imaging, researches on MDD has generally focused on two major clinical issues, i.e., suicidality and refractoriness. Studies using diffusion tensor imaging have revealed microstructural abnormalities of the frontal-striatal circuits passing through the anterior limb of the internal capsule associated with suicidality among MDD patients. With respect to refractoriness of the MDD, study has revealed differences in functional connectivity related to treatment responsiveness, with the non refractory group showing a decrease mainly in the limbic-striatal-pallidal-thalamic circuits, and the refractory group showing a decrease mainly in thalamo-cortical circuits.
In addition to the investigation of brain circuitry, brain connectome study of MDD using the high-field MR imaging is also promising. Given that MDD is a 'disorders' encompassing multiple, heterogeneous, behavioral phenotypic features, MDD is increasingly understood as a disorder of distributed effects of aberrant interaction in the brain, i.e. a network-based disorder. Several core brain networks have been identified using intrinsic physiological coupling in resting-state fMRI data, such as default mode network (DMN), salience network (SN) and central executive network (CEN). Depression is characterized by both stimulus-induced heightened activity and a failure to normally down-regulate activity broadly within the DMN. Study suggests that brain regions in DMN, SN and CEN are linked together through the dorsal nexus, and this help explain how symptoms of MDD arise in distinct networks--decreased ability to focus on cognitive tasks, rumination, excessive self-focus, increased vigilance, and emotional, visceral, and autonomic dysregulation--could occur concurrently and behave synergistically. In addition, the combination of resting-state fMRI and graph-based network analysis allows revealing the topological organization of whole-brain functional networks, such as small-world properties and network modularity, and study has revealed disrupted topological organization of intrinsic functional brain networks during rest in MDD patients.
In summary, the alterations of the brain circuitry and connectome in MDD can be investigated using the high-field MR imaging. In conjunction with the advanced imaging analysis, MR imaging of these circuit-based abnormalities not only provides unique insight into the underlying psychopathologies, but also is potentially of translation value in assisting early detection, therapeutic intervention and prognostic prediction of the patients with MDD. 
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Title: Imbalance between the amygdala and the hippocampus in down-modulating dopamine system responsivity in animal models of depression Abstract Dysregulation of the mesolimbic dopamine (DA) system has garnered increasing attention as a key component of major depressive disorder (MDD). It is thought to be particularly relevant to anhedonia, the reduced interest in pleasurable stimuli, which is considered to be a core symptom of MDD. We have shown that rats exposed to either Chronic Mild Stress (CMS) or Learned Helplessness, two stress-induced animal models of depression, resulted in stress-exposed animals showing a reduction in ventral tegmental area (VTA) DA neuron population activity, i.e. the number of DA neurons active and available to respond to environmentally salient rewarding stimuli. This suggests that in MDD, there is a reduced ability of the DA system to respond to rewarding stimuli, which could therefore represent the neural substrate of clinical anhedonia. Drawing from human neuroimaging research, we identified two candidate regions that were investigated in the present study. The infralimbic prefrontal cortex (ILPFC) is the rodent homologue of human Brodmann Area 25, a region that is established to be key to MDD pathophysiology and is under investigation as a target of deep brain stimulation for treatment resistant depression. We found that activation of the ILPFC or the habenula in normal rats potently suppressed VTA DA neuron population activity (p<0.05), albeit in different patterns. ILPFC activation primarily affected medial VTA DA neurons, whereas LHb activation inhibited more central and lateral VTA DA neurons. In rats that underwent CMS (which impacts primarily medial VTA DA neurons), only ILPFC inactivation restored VTA DA neuron population activity to normal levels, while LHb inactivation had no restorative effect on DA neuron population activity. We have also examined the impact of the rapid acting antidepressant ketamine. In rats exposed to learned helplessness, the decrease in DA neuron activity was accompanied by long-term depression in the hippocampus-accumbens circuit that normally activates the dopamine system, suggesting that the lack of hippocampal drive fails to offset the ILPFC down-regulation.
A single dose of ketamine restores hippocampal-accumbens drive, normalizes dopamine neuron firing, and reverses behavioral despair in the forced swim test.
These data suggest that the ILPFC and LHb regulate different subpopulations of DA neurons within the mesolimbic system. This appears to have important relevance to understanding the DA system deficits observed in the CMS model of MDD, as this striking pattern of differential regulation appears to explain the unique restorative capacity of ILPFC inactivation in reversing the abnormal DA system hypoactivity observed in this widely used model. Furthermore, these data highlight the importance of the ILPFC as a critical node in depressive circuitry and a potential link between affective and motivational systems in the rodent brain.
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